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Because of the potential for much improved economics and safety, developing 
advanced nuclear energy systems including the Generation IV reactors and fusion 
reactors has become the primary direction of effort. However, most of materials used 
in the current reactors cannot satisfy the requirement of the harsher reactor 
environment since the performance requirements of the cladding and first-wall 
structural materials will increase substantially. ODS steels appear to be one type of the 
most promising candidates for the Generation IV reactors and fusion reactors because 
of their excellent high temperature creep property and superior irradiation swelling 
resistance. 
18Cr-ODS steel is the object of the experimental investigation in this paper. The 
evolution of its microstructure under irradiation was investigated by helium and iron 
ion irradiation, high energy electron irradiation as well as focused ion beam 
bombardment. The result from helium and iron ion irradiation shows that a lot of 
dislocation loops and small helium bubbles formed under ion irradiation. In-situ 
annealing experiments were then completed at 550 °C and 650 °C. It shows that the 
helium bubbles grow rapidly at first and then became saturated. The main possible 
mechanism of helium bubble growth was migration and coalescence. The electron 
irradiation experiment shows that the crystal lattice of the steels changed with the 
increasing electron fluence and additional Fe3O4 grains were formed by electron beam 
irradiation through a series of dynamic processes. The study of low energetic ion 
bombardment on the surface morphology of 18Cr-ODS steel demonstrates that the 
surface roughness increased with the increasing ion fluence, and nanoneedles formed. 
They became finer and more easily formed when the incident angle was increased. 
The mechanism of nanoneedles formation includes a curvature-dependent sputtering 
yield, the function of the induced defects in the crystal lattice during focused Ga+ ion 
beam bombardment which affected the dynamic competition of the loss of surface 
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统，并成功召开了第 IV 代反应堆国际论坛(Generation IV International Forum, 
GIF)。 终确定了 6 种先进反应堆为第 IV 代核反应堆，包括：钠冷快堆
(Sodium-cooled Faster Reactor, SFR)、铅冷快堆(Lead-cooled Fast Reactor, LFR)、
超高温堆(Very High Temperature Reactor, VHTR)、气冷快堆(Gas-cooled Fast 
Reactor, GFR)、超临界水堆(Super-Critical Water Rector, SCWR)和熔盐堆(Molten 









































































然而聚变堆的要求却更甚。例如，聚变堆的运行温度大约在 550 ~ 1300 °C 范围
内，面向等离子体用材料的中子通量达 1015 cm-2·s-1，表面热负荷为 1000 W/cm2，
遭受的辐照剂量可能需要达到数百 dpa(displacement per atom，即晶体中每个原子



















SCC 比较敏感。含铬量为 2.25~12 wt%的 BCC 结构铁素体-马氏体钢(F/M 钢)也



















氏体的抗肿胀性能和小而稳定的肿胀速率(~0.2% /dpa)，特别是在低 He 和低
He/dpa 比值时。但由于此类 F/M 钢在 550 °C 以上蠕变强度很低，所以难以用于
先进反应堆堆芯的高温、高辐照剂量和强腐蚀性的极端服役环境。 
锆的热中子吸收截面较小，锆合金是重要的反应堆堆芯材料，具有良好的可
















工作温度可达到 700 °C 以上，并称之为 ODS（Oxide-Dispersion-Strengthened）
钢[10]。ODS 钢晶粒细小，弥散相的密度高达 1024 /m3，纳米级弥散点可以固定
He，避免 He 聚集、长大形成氦泡，以减轻氦脆，从而提高材料抗辐照性能。虽






























图 1.1 ODS 钢的制造流程图[13]                                    
(包括球磨合金化、压罐、热挤压和热机械处理工艺) 
Fig. 1.1 Schematic of the processing sequence for ODS steels, including ball milling 
to mechanically alloy (MA) Y and O into metal powders, canning, hot consolidation, 
and post-consolidation thermal mechanical treatment 
ODS 钢有极高密度的富 Y-Ti-O 纳米氧化物颗粒和位错，可以钉扎辐照产生
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